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ing by ElAbstract Purpose: To present the role of MR renography in diagnosis of upper urinary tract
obstruction (UTO) with evaluation of diagnostic criteria for acute obstruction.
Material and methods: Thirty consecutive patients with obstructive anuria were included in our
study. For identiﬁcation of the cause of obstruction, all patients were subjected to plain abdominal
X-ray (KUB), gray scale ultrasonography, non-contrast CT for the abdomen and pelvis (NCCT).
There were ﬁve patients with bilateral obstruction and 25 with obstructed solitary functioning kid-
ney, so the study included 35 units. All patients were subjected to radioisotope diuretic renography
and magnetic resonance renography (MRR) before relief of obstruction and 3 days after drainage.
Of the 30 patients included, 20 were men and 10 women.
Results: Among our patients the mean serum creatinine at time of presentation was 7 ± 4.5 mg/dl
(range 2.4–12) and GFR ranged from 33 to 48 ml/min (mean ± SD; 38 ± 4.2). All the renal units
have hydronephrosis. The mean pre drainage SI values 133 ± 22 (range 120–180). The mean time
to peak (TP) for each unit was 171.6 ± 78 s and at isotope renography it was 320 ± 66 s. There was262222; fax: +20 50 2263717.
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244 M.E. Abou El-Ghar et al.good corticomedullary differentiation (CMD) in 31 units and the remaining 4 showed loss of CMD
differentiation. The CMD crossing time was 163.6 ± 70.4 s. Post kidney drainage the parenchymal
SI was increased in 30 units, in 3 units there was drop and no change in 2 (r= 0.29). There is rel-
ative reduction in the time to peak, it becomes 67 ± 79 s after drainage (r= 0.76).
Conclusion: MR renography is a clinically valuable technique that provides diagnostic criteria to
diagnose the acute urinary obstruction and allows follow up of renal function.
 2011 Egyptian Society of Radiology and Nuclear Medicine. Production and hosting by Elsevier B.V.
All rights reserved.Table 1 The causes of obstructed kidneys.
Cause No. of units
Stone 23
Stricture 10
Retroperitoneal ﬁbrosis 2
Total 351. Introduction
Urinary tract obstruction is a relatively common problem. The
obstruction to urinary ﬂow may be acute or chronic, partial or
complete, unilateral or bilateral, and may occur at any site in
the urinary tract (1,2). Obstructive uropathy with resultant
hydronephrosis is the eventual outcome of most urological dis-
orders. In patients with normal renal function excretory urog-
raphy (IVP) remains the investigation of choice for imaging
the detailed anatomy of the pelvicalyceal system and ureters,
but is now progressively replaced by CT urography. In patients
with abnormal renal function IVP is contraindicated and the
traditional methods of diagnosing obstructive uropathy start
with noninvasive plain abdominal X-ray (KUB) combined
with abdominal gray-scale ultrasonography (US). Alternative
methods of visualizing the upper urinary tract, such as retro-
grade or antegrade pyelography or ureteropyeloscopy, are
invasive. In the last few years some recent noninvasive investi-
gations have been introduced for the diagnosis of ureteral
obstruction as the renal resistive index (3), non-contrast helical
computerized tomography (NCCT) (4–9) and magnetic reso-
nance urography (MRU) (10–12).
Low-molecular-weight Gd-chelates, as Gd-DOTA are con-
sidered as glomerular tracers because freely ﬁltered by the
glomeruli without any tubular secretion or reabsorption (13).
They are non-speciﬁc agents having unrestricted interstitial dif-
fusion, resulting in a large volume of distribution, including
plasmatic and interstitial volume, and a rapid plasma clearance
(5 ml/min/kg) implying a relatively short blood half-life. These
characteristics make them particularly suitable for estimation
of glomerular ﬁltration, their interstitial diffusion is neglected
by most of the models (14).
The high T1 relaxivity of the agent allows direct visualiza-
tion of tracer quantities of gadopentetate dimeglumine with
T1-weighted MR imaging, an approach referred to as MR
renography (MRR). MRR could compete with radionuclide
diuresis renography that considered reference examination
(15).
The aim of this prospective study is to present the role of
MR renography in diagnosis of upper UTO with evaluation
of diagnostic criteria for acute obstruction.
2. Material and methods
2.1. Patients
Between June 2009 and December 2009, 30 consecutive pa-
tients with obstructive anuria agreed to participate in this pro-
spective study after approval by the local ethical committee.
For identiﬁcation of the cause of obstruction, all patients were
subjected to plain abdominal X-ray (KUB), gray scale ultraso-nography, NCCT with or without retrograde or antegrade ure-
teropyelography during or after drainage of the obstructed
kidneys. The cause of obstruction is shown in Table 1. There
were ﬁve patients with bilateral obstruction and 25 with ob-
structed solitary functioning kidney, so the study included 35
units. For functional evaluation and diagnosis of obstruction,
all patients had 99mTc-mercapto acetyl triglycine (MAG3)
diuretic renography as a reference standard. Of the 30 patients
included, 20 were men and 10 women, with the mean
age ± SD, 53 ± 12 years (range 26–74). Of the 30 patients
with 35 obstructed units, the right side was affected in 18
and the left in 17 patients. All patients were subjected to radio-
isotope diuretic renography
2.2. Technique of MRR
All patients were subjected to radioisotope diuretic renography
and MRR before relief of obstruction and 3 days after drain-
age. All MRI studies were conducted on a 1.5 T Scanner (Sig-
na Horizon LX Echo speed; General Electric Medical Systems,
Milwaukee, WIS) with the use of a phased-array torso surface
coil.
The procedure started by obtaining a coronal localizer
(scout image followed by a coronal T2-weighted sequence for
the whole of both kidneys to assess the degree of hydronephro-
sis (TR: 8000–10 000 ms; TE: 75–95 ms, 5 mm thickness, 0
interslice gap, F.O.V 40 · 40 cm and the matrix 256 · 196).
We started dynamic MRI (dMRI) by six coronal fast-
spoiled gradient (FSPGR) images at the centre of the kidney
before injection of gadolinium with the following parameters
(4 mm thickness, No interslice gap, TR 30–40 ms, TE 2–
3 ms, Flip angle 70, F.O.V. 42 · 42 cm and the matrix
256 · 160). Then, frusemide (0.1 mg/kg) was injected i.v. fol-
lowed by 0.1 mmol/kg gadoteric acid (Dotarem 0.5 mmol/
mL; Guerbet, France) at 3 mL/s and the coronal scan series
was repeated every 30 s for 5 min, then six coronal images were
taken 10 min later. Finally, excretory MRU was performed
using contrast enhanced T1-weighted 3D-FSPGR acquisition
at 7–10 min after contrast injection to visualize the collecting
system and the ureter.
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Functional analysis of the renographic curves were obtained
from dynamic series using commercial software (func tool;
GE Medical system). The renographic curves were obtained
by applying region of interest (ROI) manually selected to the
cortex, medulla and also we obtained a ROI for the total
parenchyma excluding the pelvicalyceal system. We analyzed
the renographic curves for the time to peak, parenchymal SI
as well as the pattern of renographic curve (obstructed or
not). Also, qualitative corticomedullary differentiation were
assessed. The obtained cortical and medullary curves were ana-
lyzed for corticomedullary crossing and its time. We analyzed
the coronal T2w images for the morphology, degree of hydro-
nephrosis and size of the kidneys.
We compared the isotope renographic curves with MRR
curves to assess the presence of obstruction. We used time to
peak, and if there is response to diuretics.
We used the simple linear regression test to compare MRR
parameters before and after drainage of obstructed kidneys. P
value less than 0.05 was considered to indicate a statistically
signiﬁcant differenceTable 2 MRR parameters pre and post drainage of the
obstructed kidneys.
MRR parameters Mean ± SD (range)
Pre drainage Post drainage
Renal parenchyma
SI
133 ± 12 (120–180) 180 ± 44 (100–300)
TP 171.6 ± 78 s (120–240) 67 ± 79 s (50–110)
CM crossing time 136.6 ± 70.4 s (110–200) 138 ± 57 s (90–180)3. Results
Among our patients the mean serum creatinine at time of pre-
sentation was 7 ± 4.5 mg/dl (range 2.4–12) and all the renal
units had obstructed isotope renographic curves before drain-
age of the kidneys with their GFR ranged from 33 to 48 ml/
min (mean ± SD; 38 ± 4.2).
Analysis of MR images before drainage revealed that the
kidneys length was (range 11–16 cm at the longitudinal axis,
mean 13.5 ± 2). All the renal units had hydronephrosis with
splitting of pelvicalyceal system in 5 units, dilated calyces in
12 units with preserved renal parenchyma, dilated calyces with
reduced parenchymal thickness in 7, dilated calyces and renal
pelvis with marked reduction in renal parenchymal thickness
in 11 units.
Qualitative analysis of SI measured by calculating maxi-
mum enhancing MR units (range 120–180; mean 133 ± 22).
The mean time to peak (TP) for each unit was 171.6 ± 78 s
and at isotope renography it was 320 ± 66 s. There was good
CMD in 31 units and the remaining 4 showed loss of cortico-
medullary differentiation. The medullary curves were seen
crossing the cortex in 28 units and in the remaining 7 units
the medullary curves remained below the cortical curve. The
corticomedullary crossing time was 163.6 ± 70.4 s. In cases
of medullary crossover, the medulla retained high contrast
concentration than the cortex with lack of excretion and there
was a gap between the two curves.
All of our cases underwent immediate relieve of obstruction
after the initial dynamic MR and isotope renography, 17 of the
obstructed units were treated by percutaneous nephrostomy
tube drainage, 12 units were treated by endoscopic extraction
of a ureteric stone and 6 units were treated by retrograde ﬁxa-
tion of double j stent.
At MRI study after 3 days from the drainage of the ob-
structed renal units there was no signiﬁcant changes in the kid-
ney length and no hydronephrosis at T2w or excretory MRU.
The parenchymal SI was increased in 30 units, in 3 units
there was drop & no change in 2 (r= 0.29). There was relativereduction in the time to peak, it became 67 ± 79 s after drain-
age (r= 0.76) and at isotope renography it became 210 ± 33 s.
For the 5 units with loss of corticomedullary differentiation
at pre drainage, 4 of them showed regaining of differentiation
and the remaining 30 cases with preserved corticomedullary
differentiation remains unchanged.
In 7 units with loss of medullary crossing, medullary cross-
ing regained in 4 units after drainage with reduction of cross-
ing time in the remaining units, it became 138 ± 57.5 s after
drainage (r= 0.627). The medullary curves showed rapid
excretion after the crossover the cortex with no gap between
the two curves (Table 2).
For the total kidney renographic curves, all were obstructed
in all cases before drainage and after drainage all showed im-
proved drainage at both MR and isotope renography (Figs. 1
and 2).
The serum creatinine decreased in 17 cases and remained
unchanged in 13 cases, the mean post drainage values was
3 ± 1.5 mg/dl (range 0.9–7). It is accompanied with relative in-
crease in GFR, the mean GFR after drainage was 44 ml/min
(range 38–52).
No one of our patients had contraindication to MR study
and no one developed nephrogenic systemic ﬁbrosis with fol-
low up duration 3–8 months.
4. Discussion
Kikinis et al. (16) and Semelka et al. (17) were the ﬁrst to em-
ploy gadolinium-enhanced MR imaging in a renogram like
curves to detect signal intensity changes at the cortex and me-
dulla versus time. The use of gadolinium based MR contrast
agents that consist of small molecules, similar in size to inulin
that after parentral injection are distributed initially in the vas-
cular space and then dispersed rapidly into the extracellular
space. These agents are freely ﬁltered in the glomeruli and they
are neither secreted nor absorbed so they can be considered as
an excellent indicator for renal function (17).
Several investigators have focused their research on renal
function and excretion as it was done previously with techne-
tium-99m diethylenetriamine pentaacetic acid or MAG3-tech-
netium-99m diuretic renography (18–20). Using various
techniques, Rohrschneider et al. (21), Teh et al. (22) and Grat-
tan-Smith et al. (23) have demonstrated agreement between
dynamic diuretic MR and isotopic renography, the reference
examination. Moreover, some authors (21,22,24) suggested
that MRR could compete with isotope renography, as MRI
has a good soft tissue resolution that allows accurate ROI
application and it can detect the corticomedullary enhance-
ment and the excretion of contrast into the pelcicalyceal
system.
Figure 1 A case of obstructed solitary functioning left kidney: (a) dMRI pre drainage shows loss of CM differentiation, (b) dMRI post
drainage shows good CM differentiation with increased SI of the parenchyma, (c) the obstructed time intensity curve pre drainage, (d) the
curve is non-obstructed after relieve of obstruction.
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SI drop in the medulla at around 105 s and SI loss in pelvic
area later in the examination. This was explained by T2w-
shortening effect of high concentration of Gd. In hydrone-
phrosis these SI reductions did not occur due to the decreased
concentrating ability of the kidney and this in agreement with
our results as qualitative assessment of all the dynamic MR
images and renographic curves shows retention of contrast at
medulla with delayed excretion at the pelvis with obstructed
renographic curves. The medullary curves showed delayed
crossover the medullary curves and it retains high attenuation
values relative to the cortex with wide separation of curves till
end of the study with no drop out.
Kikinis et al. (16) employed dynamic T1w-GRE (1image/
20 s) with a 1.5 T machine, in our study we used six images/ser-
ies every 30 s during breathing apnea and this allows accurate
application of ROIs to avoid breathing artifacts. The use of
1.5 T scanner shows the signal drop more than in the lower
magnetic ﬁeld strength (25). Pettigrew et al. (26) showed no
drop of SI at the cortex and medulla in a study done by
0.5 T. In our study; the pre-drainage TP was longer than the
post drainage one. At post drainage MR curves there was ear-
lier TP with good drainage and drop of SI and it is similar to
ﬁndings obtained from isotope renography. The time-intensity
curves obtained in our study generated from parenchyma pro-
vides functional information for the kidney. After relieve of
obstruction the SI of the kidney was increased in all cases
due to increased concentration abilities of the kidney and itis corresponds to relative increase in GFR at post drainage iso-
tope renography.
There is no signiﬁcant changes in the size of the kidneys be-
fore and after drainage as the post-drainage study was done
just after relieve of obstruction, so there was no enough time
interval for the kidney to decrease in size.
In our study the TP is earlier in MRR compared to iso-
tope renography, it is 3 min at post drainage, while at iso-
tope it is noted between 3 and 5 min. This was also
observed by Teh et al. (22) and Taylor et al. (19), they
attributed this to the different injection procedures used in
the two techniques. In MR renography, large volume of
contrast material is delivered through a long tubing, whereas
in isotope renography, a smaller injection is made directly
into the vein.
The acquisition interval at our study is (30 s) between con-
secutive series and this allow a near real-time assessment of
contrast material through the cortex and medulla starting with
bolus injection of contrast material, and this ﬁndings also were
postulated by Teh et al. (22), and this not possible by other
imaging techniques such as CT or excretory urography with-
out exposing the patients to excessive amount of ionizing
radiation.
MRI have different advantages over the isotope renogra-
phy including high spatial resolution with adequate morpho-
logical assessments of the kidney with accurate identiﬁcation
of the ROI, there is also no exposure to ionizing radiation
and it can identify the cause of obstruction.
Figure 2 A case of obstructed solitary functioning left kidney: (a) dMRI pre drainage shows marked hydronephrosis, (b) dMRI post
drainage shows good CM differentiation and no hydronephrotic changes, (c) the obstructed time intensity curve pre drainage, (d) the
curve is non-obstructed after relieve of obstruction.
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limitations for MRI such as claustrophobia, metallic prosthe-
ses and pacemakers. There is also a limitation of Gd-based
contrast media in patients with renal impairment as the Gd
is almost exclusively excreted by the kidneys, and it has pro-
longed half time with impaired drainage that increase the inci-
dence of nephrogenic systemic ﬁbrosis. In our study we did
immediate drainage of the obstructed kidneys after MR study,
we used the most stable Gd-contrast media the gadoteric, all of
our patients have GFR> 30 ml/min and no one of our pa-
tients was on dialysis.
5. Conclusion
MR renography is a clinically valuable technique that provides
diagnostic criteria to diagnose the acute urinary obstruction
and allows follow up of renal function and relieve of obstruc-
tion post drainage with lack of ionizing radiation or nephro-
toxic contrast media. It also provides dynamic data for
contrast uptake and excretion by the cortex and medulla.
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